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Effect of Hyperthermia on Blood
Flow in VX, Tumor Transplanted
in Rabbit : Evaluation with Color
Doppler Flow Imaging and
Dynamic MR imaging
Takeshi Arita

Effect of hyperthermia on blood flow was
evaluated using VX, rabbit carcinoma in both
legs. Microwave energy at 2450 MHz was used to
heat turnors for 40 minutes. An outer canula of 18
G Erasta was implanted in the depth of 2 cm in
tumor to measure the temperature and to main-
tain at 43.0°C ~44.0°C. The blood flow in tumors
was evaluated by color doppler flow imaging and
dynamic MRI. Disturbance of blood flow in the
depth of surface Ocm to 2cm in tumors was
showed at 10 minutes starting 43.0°C heating and
at almost all sites disappearance of blood flow
was showed at 40 minutes using color doppler
flow imaging. But the blood flow beyond the
depth of 2 cm was not so disturbed at 40 minutes,
relatively. After hyperthermia T 1 Wl and T 2 WI
in heated tumor were no difference comparing
with those in control tumor, but heated tumor
showed no enhancement using dynamic MRI with
TURBO-FLASH technique and post-enhanced
T1WL

Histologically, there was extensive tumor ne-
crosis and thrombus formation in heated tumor
after 3 days and 1 week. Therefore color doppler
flow imaging and dynamic MRI were considered
to be useful for evaluation of blood flow in tumor
after and during hyperthermia.
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BHL TWw2bnT, #5X107EOMIE% T
FREF NI AR B BRE L 729, 10 B ~14 Hi%
I EEREIE, BE4.0~5.0cm, AfE3.5~4.5
cm, & 2.0~3.5cm &L ->THED, BEES
F—F v 773 E e CUEE NS H TR T
HDHZLEMRD ) ZEBEITo /2, FEBITTN
T 51758 ¢ pentobarbital sodium % # Bk P -
85, £GP HELZ®BICHETL 2. ik
PiE I, 7oA HMS-015 (2450 MHz, =
4 7ail) I2TT7Y)r—F—iciiRftHERE
EAEY (EEdem) Db zEHL 2, mikid
FTC, MTRRICEAEL 2 EEN ) b, L 0)IEE
W FEAAE L9 ERNBIEOES k0%
B, A2 DR o3I E L, IBEEREC T
digital thermometer (MODEL, TM-54 H,
Inter NOVA CORP.) #ZH\ 72,

BEEEPII 1, AR 2 & ORic il o v FT L
BWTLEEER LD 2ecm OBES DEALIC 18G
I AZEERRAL, %Oz
WFTHAL GRENEZIT-72. Tbb, &
BEALLER, R 2cm (LLUTFHEESESE 2 cm) O
DLIC THRERFIYICIREENE 24T\, RIEMIOIREH*
30CLULEICHERRTEEIICHNI7 v % E
HgL 2. &5z, MiRBAE 10 40 LINICIE
JEERER 2 cm DEBAIAT 43.0CLL LIz e B & 9 iz
HEAT y ML, ERLBEES 7
— Fo 7T EITHE SSA-260 A1 T, EHE
FIE7T5MHz Db 0 #MHL Iz, B 7—)
I RAT ) 12h DN A F oy 75kt
TN 7R ol MEE 1mm & L2,
FERIEILEEAT, 5 BOFHOFHEEZ D -
TEDFMEDMIIEHE & Uiz, B, BEWESYZ
— Fo 778 & B MBERGEICEEL, e
FHE, AATRETH D MFENERC 1R % —
kL7, ZoR@EENIRREIR 5 72 A THRT
9% BEOMRIC L) T& 57220 B EEN
REF B OCUEICZ2 L)Yy %
AL L e, IS PN AL S S AL | A R B 38 5 U i
23X, TEZZTHE K LK TTREZ I
FEATERA. (MM BT TR L REIFELRT
WiELT, THE, okl L) BB, WRELIR

FHE6FE1HA25H

il 21

0 [ —&B4L T FHE # 4T - 72,

fEg 2 & ) IR 1lem £ T2 A zone, 1
cm % 2 EEEH 2cm £ T# B zone, 2cm
Zilkz 7ML E C zone & LTEDBDOBODHE
WRIC BT 2 e g%, hiRE, iR 10 5,
20 4y, 40 A BEERTI L 22, FHAERALIE LS
[ &G A zonelo T1 A, B zonelz T2
AR, CzonelZ T1AFTDEH4 A0 E L, W
Hfil# 720 & Ui 0BRSS HiEF BN L 7,
SHUERALIE A zone 9 A7, B zonel5 # Fr, C
zone 7 AT ThH - 72, MRBDOKRERHIZ DWW Tl
JEEIE B 2 cm DEFALOIRIE AT 43.0C LI iz 5 L
SHICRIEI N TV AR & L7z, D&,
PV F 7T &) RS N LRGEREE I D
W CEFAE LAz, IR AT o0 B BE 2 10026 & L
T, IR FE R # AT 50% LLE 2 sk L T
ZTwioFmEES N & LT Figure 1-50% 7
EALIC Fom L Az, i 0 B e A B % 5096 Al
HDOEITITAZE & HKT L T Figure F 1002 o
frcFR LA, dbhic, BHFENT—F 778
I TRBRBTE R G- D E BTN %
&M LT Figure | 0% @iz #Fom L7z, i
ST 1 IS DAL RRERE DY R e 0 2
FIGHLZL0THS, MRS THAL 2
BRI 1.5 T B{nidEi (Magnetom, Siemens
W) T, FEaANCBBHaA LRV,
T 1 538{%I3 400/15/2 (TR/TE/excitations),
T 2 5% 3 4% 13 2000/90/1 & L, 2 7 4 ZJE6
mm, FOV 250 mm, = F V) 7 Z 160X 250 &
L72. TURBO-FLASH |3 TR 7msec, TE 3
msec, TI 300 msec, FLIP f§8 &, 254 ZJE
10 mm, FOV 250 mm, = F ! v 7 A 128128
e E L 72, Gd-DTPA # 0.2 mmol/kg Ic TH
iR D BEFHEL, FOERLIVE—274 A
W%# 35 MM, 30 274 2L 72, Eid#Hg
HRER, E®ICIT) L, BRI GA-DTPA
BEHIFVREZET L CHEOBREETH) 2 &
%), Gd-DTPA o» MRI iz 5 2 2 #3880 &
ENd., Zois, IiRaT Control k4 o> MRI
DOFARIFEBRBAEIH Lz, £ LT kT
%, 18FM#%IC MRIIC & 588 %1T-7. LIk,

21



22 IR R VX, IEEL N FE gl 5 2 2 8z >nwT

EROFEICTEBERAS 77— Py 77 x50z
MRI & %47 > 72, MIE#T SEMBICERT
RS HL2PEBEL, 2% 3 HEICERL,
SHIC3WE T HRICER UIEESRZ di s Lz
AHAE A B L HE 3efoic L 2 s aokst 217
-7z,

R

(1) EENERESf

IEE O EEEE (EEEED H DES HE~DJE
BE) 13, BEFEKLE23.0mm~36.6mm (28.2+
4.6 mm, mean+SD) Th-72. I T, IEEE
WEI3ecm 282 25 VX, EE2BHWT, lEiE
SR RR B R, MEHSEEEE 1cem, 2cm, 3
cm DENDBDODEALICBEN % F &, £HALIC
BT 2R ORRFHRERNE #iTV2 0 16 %
FmL7z (Fig. 1), 7272201, g EE /W imn
WOBEZATHT, HEENICBIT 2IBESH DA
FBAL2LDTH B, ML 10 5 LI EE
BB 2 cm DEREDIBEHT 43.0CLLEIc % B L 9
IZHAT P 8% 40 watt 12 TBARG L, B B

(°C)
50 |

45

43

40

34f . ' ‘ '

0 510 20 30 40(min)
Fig. 1 Time-temperature profiles in VX, tumor : Tem-
perature is measured by thermocouple probe on tumor
surface, in the depth of 1cm, 2e¢m and 3cm in VX,
tumor.

22

L7z, ZOFER, WESAH»ZE L 2RIz B v
THEBEVRED 2 con DFRGL % 43.0°CLL R - 723
A, JEEEE 1l om OFALCIE 44.0C &2 B 2, I
JEURIE 3 cm P TIL 42.0CHIE L 20 2 = F ¢
RSN (iRE 40 4y, KT, BEESEEEE 1 cm,
2cm, 3cm, BOBN48.0TC, 44.7C, 43.37C,
42.0C) (Fig. 1), %7z, JEMEM VX, JEEA D
B (EEHES2cm) o k513, 0.6C~0.8C
(1 0.71C) TH - 72,
(2) BEEHZ—Fv7THIC L 2ESEANMTEE
EDERRZEL
a) A zonelZ2>WTOHE

A zone (JEIEEA HIEEEM 1lem £ T) A
1B W TBEEH L 22 MEERALIZEE~ 9 A FF T
D, iR AT o) F ) il 0 12 8.3+4.4cm /s
(mean+SD) T# 5 (Fig. 2). MIRFTICEED &5
N2 9 AFOMGD 5 B 8 & Frod it i3 hnis 10
SERIZIIEEES 7 —F o 77 TE R L
Todz, iz, BDD 1AL MG 20412 1%
MU TEL (k-7 (Fig. 3, Fig. 40, B)

(emvssg)
60 F o
50 F E
=
‘G 40 o
k=]
S o
30 } o
£
=
E
= 20 F o
s °
(o] é
10 e
B gg
000
0 1 1 A
A B C (Zone)

Fig. 2 Maximum velocity in each sites of tumor ves-
sels is measured at A zone (depth of tumor surface to 1
cm), B zone (depth of 1ecm to 2 cm) and C zone (depth
beyond 2 cm) in VX, tumor using color doppler flow
imaging, respectively.
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50 |

0 L 88og Q0000 oereed
before 10 20 40 (min)

Fig. 3 Blood flow in A zone disappeares at 10 minutes
starting 43.0°C heating at 8 sites in 9 sites.

ID: a
YAHAGUCHI UNIV a

ID: _ z
Y"HRGUCH

| |
/D-DS ||

TR 64 1 1 25 B

1] 23

b) B zone iz 2w T DOtgkEt

B zone (JEHEHEEE1cm % bk 2 FEIEHES 2 cm
LIM) i3 TBUETH I L 722 i AT 13 AR~ 15
ARTTH B, MHRETOFE) M FERE I 12.5+4.0
cm/s (mean+SD) T & 3 (Fig. 2). fmik 10
SR ISR L 2 B ofinic b 725 5 BT
MMAMBHTELEL iz, £72, Yich7255
7 T 50% LA _E o i 5k B o dai A A B 2 s,
X 51z, IR 40 40881213 13 AT (87%) DOEPL
KBWTMH PGB TEL - 2h% 2 AT
(13%) DAL B W TR BR M KA HAEL 72

Fig. 4

(A) A blood flow pattern in A zone in VX,
tumor before hyperthermia using color
doppler flow imaging.

(B} Blood flow disappeares at 10 minutes
starting 43.0°C heating.
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24 RMHEEOFER VX, MIEM M iEEEIC S5 2 28Iz H>nwT

(% B zone

100 [ A48 2o

50 A L8 aa

0 R - N v.v: aRREn

before 10 20 40(min)
Fig. 5 Blood flow in B zone disappeares at 10 minutes
starting 43.0°C heating at 5 sites in 15 sites and at 40
minutes at 13 sites in 15 sites.

ID: H
YAMAGUCHT UNIV.

ID:
YAM

(Fig. 5, Fig. 6@), ®).
¢) C zone 22\ T Okt

C zone (MEHSEEER 2 cm %82 2561K) (23
TEEER L 22 ML 7 AP Tdh B, Inisay
o) S ¥y 00, 3 A% BE 1% 39.9+12.7cm /s (mean +
SD) T& % (Fig. 2). MR 104442 i%, ik
HEREHMICECTIIIRETH ), 205414
123 HFF (43%) 12 BT Il ¥ EE o 509% L -
DA % BTz, MR 4045120, 1 28 (14
%) IBWTMHFRBTE L o720, 5B
DB AT (86%) 1ZHWTIIERIMFEAELE L 72
(Fig. 7, Fig. 8(), (B).

Fig. 6

(&) A blood flow pattern in B zone of VX,
tumor hefore hyperthermia using color
doppler flow imaging.

(B) Blood flow (from 16 cm/s to 5cm/s in
maximum velocity, over 50% decreased) is
disturbed at 20 minutes starting 43.0°C
heating.

s ARAFAIN W o=
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(%) C zonEe (3) MRI & < (Z TURBO-FLASH %Iz & 2 4857

100 + &% &% ocooo

50 ooo BES
0 s 1 1 g
before 10 20 40(min)

Fig. 7 Blood flow (below 50% decreased) is not changed at 10
minutes at all sites in C zone and at that (over 50% decreased in
maximum velocity) is disturbed at 40 minutes starting 43.0°C heat-
ing at 6 sites in 7 sites.

2I93
2 17:15:36
=) 1

FERH 641 H25H

DHERTOW TR VX, BiEMIc BT, T1
g%, T 25&3H%, TURBO-FLASH izt 3
dynamic MRI, &% T 1EHRE~Fhic
fFicZRIZRH LN -7 (Fig. 9 W), (B),
©, O, ®). hif#&T 1B BT 585 T
1%, «fT1iEHE%, T2 S v TR E
BixH 6N h - 72755, TURBO-FLASH #:
Iz & & dynamic MRI, &#2# T 1 @EFEEO WS

Fig. 8

(&) A blood flow pattern in C zone in VX,
tumor hefore hyperthermia using color
doppler flow imaging.

(B Blood flow (frorm 33cm/s to 25cm/s
in maximum velocity, below 50% de-
creased) is not changed at 20 minutes start-
ing 43.0°C heating.
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26 AR O FE VX, M MR EINEIZ 5 2 BRI DWW T

Fig. 9 An example before hyper-
thermia: (A) T l-weighted image
B T2-weighted image (C)
TURBO-FLASH early phase
image (10seconds later) (D
TURBO-FLASH delayed phase
image (30 seconds later) (E Gd-
DTPA contrastenhanced T 1-
weighted image: There are no
difference between each images of
VX, tumors in both legs before
heating.

Mz BWT LR O VX, TR 2B & b 7 IEiE
FAEMEAYHEAE L 72 (Fig. 10 (4), B), ©), D), E).
(4) RIBHEMEEAIIRET

MEOIEMRE VX, B 7 o=F Y I2BA
PENIEMINE Tl ST w72 (Fig. 11). fnis
VX, JEEEIC B v il 3 w12 o k#8145 13 35 0
7 vascular stasis A5a8& 5 41, N A0 I o> 28
WAL & 8> 72 h%, viable 7c JE 5540 Bd 8 & B L
Twiz (Fig. 12). 3 H#EO#M#M% T3 IS
DFFCITIEFPA & 2 D), S 512 W5 N Ok i 4
Pz iz i aide b sz (Fig. 13), 7 HE#
DRI FEARDIIZ 3 B EOMEE L 1TITFRE
TH Y, MEEIEL D L 7 GEE AT & AR As

26

Ao b7 (Fig. 14),

Hyperthermia 1= 3 > TR EI 44 20 IE 5540 i 12
5.2 528 L bz, EEMIRE &) £ AERER
B, T4bh bR BEONRC X 230 E
BETHHI EDREI T L2990, JEEEN I
DY L LT 1) arteriovenous shunt 2) thin-
walled and easily compressed vessel 3) wide
intercapillary distance 4) heterogenous blood
flow with consequent foci of relative hypoxia
and acidosis 5) increased permeability

compared to normal tissue 6) lack of perivas-

HARRERSEE $H54d% #5155
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Fig. 10 An example after hyper- : '
thermia: (A) T l-weighted image
B T 2-weighted image (C
TURBO-FLASH early phase

image (10 seconds later) (D)
i
1H‘ i

TURBO-FLASH delayed phase
image (30 seconds later) (E) Gd-
DTPA contrast enhanced T 1-
weighted image.

There are almost no differences
between heated tumor and control
tumor in T1WI and T 2 WI. No
contrast enhanced site is demon-

ol .

strated in heated tumor using
dynamic MRI with TURBO-
FLASH technique and post- H

enhanced T 1 WI compared to con-
trol tumor, but a part of tumor is
gradually enhanced (arrows).

Fig. 11 Control VX, tumor cells with rich chromatin
(FHL.E. stain % 200)

TFHC64 1 H25 H 27
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Fig. 12 Hlsto]ogm sections 3 hours after 43.0C heat-
ing (H.E. stain x200)

Vascular stasis and degenerated tumor cells are demon-
strated, but there are some areas of viable cells
(arrows).

Fxg 13 Histologic sectlons 3 days after 43 0°C heatmg
(H.E. stain x200)

Extensive necrosis of tumor and thrombus formation
(arrow) are demonstrated.

cular smooth muscle with minimal vasomotor
control mechanism A& 2N, Zhb5nZ &
PinBARZHEEZEHLIFREE L TREE AT
52, & 512, Song HIEIEEN O EM MLE DR
f LT 1) single-layered endothelial cells
without an external coat of elastic basement
membrane 2) lined in part by tumor cells
between the gaps of endothelial cells 3) pres-
ence of abundant sinusoidal openings 7 & ®Jif
A& B, DB L IR i A 55 7 5
WELTW3, Mikic &) 2ok 9 i meE
RESICHMZEZ L, ZO7HEMOEDE
EFL, MHED I -l o miEEE) G &2

28

Pt i A 32@ %
e : * l‘t L 1&5& & .
!?!'il.n, ‘; % Qi’ :
Fig. 14 Histologic sections 7 days after 43.0C heatmg
(H.E. stain % 200)

Wide spread necrosis of tumor and thrombus formation
(arrow) are demonstrated.

SNMENAELELZTLHMELTWEY, Zo
& 9 UIERA D EE O W 23 8
acidosis, hypoxia, hyponutrition @it % £
H ¥, Hyperthermia |2 L 2 FIZhF % vv 5 7
IR, B LICkMEREL ST EHZL
NTw3® LlEkoE {, Hyperthermia iz X
2R NMEB AR R & 35 2 B85, BN O I )
&2 Tl 2 2 & I3 RN & Nz ioib
WHEEDHHAET) EICBWTLEbHTEE
&% 5, fEsk &) Hyperthermia iz 51 3 i
W FEOFMiEE & LT B #HWTIThNT
WBY 2 LIRS, KL IIERRE VX, EE %
Fv» T Hyperthermia #1213 1% 52 % 47\ 1l
BIM GRS M T RET 24T - T BY, 34 bh
B, REVX, MR, 202 S i
DR L @MEELTBY, hil 3 BfE MR
BT Tl iR & IEEMig ozt % £ L,
7 BRI I EEIEI L HE & e ) B N af B s ek A
LTwit#iEL Twa, i, VX, EERZ
hypervascular 78 TH N BEHHE F v 7 F %I
CHES PN ML HOMED D 58P % B TH
59, VX, BBt & LT wEBICTR
WDEBRICII @ S Livgwds, HEkaysEi
FDERRE L TUIIMS DIED L H ) #ih T
HDEHBTLTW5,

X E Wz RIEEEZ & O IS #2103 BRR
B fifEIc, 7RI HIfTS WG ICIXES T

HARERSE H54E B1yE
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v, £IT, BEREICHHINTW 2BHEAH
F—Fw 7 7% b Uz MRI # v, Hyper-
thermia |2 517 2 MATHERE 7 FFAM 7 & U412 # Dk
HEOFHEIC D ERETL 2.

51, 4F CoPEFImEM o rET
BB, F 2T, R o REREEY 2 i HEED e SE
fliZBEKS 77— ¥ v 772 HTHITL 72,
FThbb, THcBdnt stz SnalEEE
Ja#hA 5 h 9t (A zone & B zone) |3 iy H
WIFE (1048) & 0 IS E IR T2 s n
72, ZZ LI, 43.0CLLED+4r e s A AT
SN 6T, MFmEEE SN T5 Xk
ZEINDAHEEMERREL T 5, MER &
TAWHEN L MFEREEL 220 THA), ZOM
IS5 BDHETH B,

Dudar 5 3%, TR VX, BiE 2 Hwv 72 EBiC
BWT42.0C 2 5 44.0°C @ Jin i 12 T vascular
stasis 254 L M % 30~40 0 & LT3, =
TUTIHRICIRB 2RI T, &9 LTLHHEE
DAY b T IEFMMED 2 ) ik & 15 THEM:
Hb., bbNOEBRTIE, Mikic<{ 7ok
AT 7)5—2 L L TEEMOLD2MHL T
B B ICRE L T o iniss i Th
5, 2%, EFMEBTrEBRMELZZEICLS
W (EWMESEMET 2 & MFER ML Zk
BNCHEB NI AT 5 iR LN 29) 4
HWEFEZLNE, ZOZ L, EENIMKORE
WFAIZE LI Fe B L, IS N I A 5 o) K e 2 Mo
BRI TE 2 2 H 2 T B

S bz, EEMEE (C z,one) I2BwT, I
WHEDET I 2 h LB 6N T, 405%I1c%
= & 86% M HBAL T i HEH BE AT 50% LA T iz {ETF L
Tz xRz, MO L 2846013 14% T
botz, ZOHBE LT, FTIRESHICRLL
T E A ROFEE TIIIFEIEEES 2 cm OFBAL R
E#43.0CL o r#HELLTEY,
JEHLLRER 3 cm DEBAE T 42.0°C R & 70 > T
5. ThbbtamErEERicBWTiziBsn
Twiwv, $9—2DFEKEELT, C zonelzT
W L 72 MFEEE 12t zone I2 Ho L, &N
LONENZ L THE, DFNMEMFBERE LT

FHE6FE1H25H

B 29

FAo T L TH B REES A 5, Z o
ZodEEIZ &) B MFREE A MO IR I
LEBMTH- 72 ML T b,

L»L, NFWwhisdhif43.0CLl Lo+
G iR T C THEM 250 T d 18
DIMFEREE L E L S Mg E R L T 5, =
D il Dudar 53 41 0CLILETHIUTHER VY,
JEEICB W CIZMiRkESEZ2 22T e HfELTB
N9, bhlbho#ErisiEE, 8T L0
EFEZHND,

Ll ko Z ki3, Hyperthermia # BB bt H 3
ZICIEL, EBROFMHE TE b TEELRES
EZTw3EEZTwE, Thbb, BELETX
TOREWNIT BT 43.0°C LLE oIl # B B 4T
)2 EIFBEMICHBELSAT S B, L AL,
182 DIEFIORTE, I DMEY, ISR o i i
KREDE NI L) —BHC 2 F 2 2wy, MRz

254, 43.0°C 405D RICEE L 2 < T3 43.0

C %M, »5\v141.0C~42.0C %-EH%IEEEI
T HHBREDBFENMKIEE 512k L,
UE 5 tL;U%%%Im%Tﬁ%%ﬁw?d
Zewar, ZHUSIES IR ) i b o) IS P o e
ERMICRATT 2 2 L0 BERTIC BV C L E
BEUbtHFEITWD, ZOK, BEEYT—F
w77 BT E b THEIC AR ) 3R L IR PN I 5 EE
iR TEFERLFEZ Lz,

R 7% MR B RE D ZA L % BiRt 3 B DI Bk
ﬂ?anfﬁﬁuﬁﬁ&%ﬁTﬁ&ﬁ,éﬁm

MIREZRIET 212345 —2DEDH 5. %
Z T, MRI % v THRE AT o0 65 P if 375 B) g
AL 2, &K i24 B2 TURBO-
FLASH #:iz & % dynamic MRI ik, &%
bolus #1400 85 N ) 1 FExh 5 % BERI 0912 2 b
AMd BB LIRS, Tz, HHEEMLHE ) LE
& TIES NI EENE D2 L% a1 5 _Fic 120
R bFRE#EZ 57z, Lo L, GI-DTPA
B 2R T oM D B L o I 12 12
HeuHrd s,

BlHEC LB e, MBHEMNELENT
TURBO-FLASH #:z &k % dynamic MRI, i

1= 5
% T1dmfHE T HIC BT L L 22 EE N
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30 B EARE: D F R VX, RS M B IEIC 5. 2 B8z >\ T

ICIEEMEBATHAEL 2. Tz ki, EENIC
& hH THEWIFREE, mMEEEIFIERSh
ezl RRLTwA, BEEAT—Fy 778
TRENLBREABET I EEZ LN,
iR 3 B oMk RRT I BV T 4, vascular
stasis & M NEHEH»BDH Lz, 251
13, 3 Bi%, 7 BEOMBRSENORET T L Rl 2 i
WHLEMWEIL L MR »HRENLTEY,
MRI @ R & e EE WA F— F v 778D
Fr A% & o THli WIEEAEORERZ L Tw»
bLnrEILNI,

T 158F8(%, T2@EFHEICH F D EIL»RBDH 6
nhdroBRE LT, 3MERAEDRICH
‘AT TE Y, EHEEHIESTHEEICE T
WrE2 o dbnEEZ LN, BHS
1319, KR VX, EEicxf LT TAE #47v, 18
i # MRI % $#{% LW EME & o3 eET 247 - €
Wh, TOREE, EEEEICBWTTIMH
BTRES—E T2WIETCIHEESTERLL
ZEEWMELTWA, Zhbid TAE# 1AM %
EBLBATOWMETH ), k0 EHOBE
A b\,

SEObRbNDOHECBYTRENLZTE
<, FKR VX, I BT mikic & 2 21
BALBEMoSCcBWTIE, T1W®FEE T2
PR E LIcE biRZ LS, mMiEZMHTE 3
dynamic MRI 7 & (i i& 521 T 1 i o A1
B UEERNOMEEEELERBTEL, &5
I, ZOMEEEEIX A 7% ) OIALIC BV TR
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